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Abst  ract 


AC  and  DC  resonant  charging  hardware  tests  were  c 
ducted  with  a  15KW  HOD  standard  100  HZ  generator  as  pr 
power.  DC  resonant  charging  caused  vibrations  of  the 
erator  at  the  pulsing  frequency  and  instability  of  the 
voltage  regulator  due  to  the  very  irregular  generator 
waveform.  The  input  DC  voltage  to  the  pulscr  sagged  c 
the  performance  to  be  lower  than  expected.  An  analysi 
this  problem  and  the  theory  to  account  for  this  sag  is 
sen  ted . 

Problems  with  the  triggering  of  AC  resonant  charg 
not  solved  in  time  for  this  report.  The  experimental 
up  of  AC  resonant  charging  is  presented.  AC  resonant 
caused  no  negative  impact  on  the  generator  which  is  a 
advantage  over  DC  resonant  charging. 
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1  nt roduc t  i on 


Background 

This  project  is  a  study  of  the  interface  between  prime 
power  systems  and  pulse  cond  it  i  on  i  ng  systems  for  t  lie  use  in 
electrical  power  generation  for  future  directed  energy  sys- 
t  ems . 

The  Army  and  the  Air  Force  are  sponsoring  university 
work  for  the  development  of  computerised  theoretical  pre¬ 
dictions.  The  results  of  this  thesis  i nvest i gar i on  will  he 
used  to  refine  and  validate  computer  predictions  which  may 
then  be  used  by  Army  and  Air  Force  scientist-  as  design  aid 
for  the  power  supplies  required  in  directed  energy  systems. 

The  pulser  used  for  these  tests  was  const  rue t ed  by 
Army's  ERADCOM  and  contained  separate  sections  for  AF  and 
DC  resonant  charging. 

Each  section  contained  the  resonant  circuit,  support 
equipment,  and  controls. 

Prob 1 em 

There  are  several  approaches  to  the  interface  between 
prime  power  generating  equipment  and  pulse  conditioning 
equipment.  This  is  a  study  of  two  design  approaches,  these 
are  lid  resonant  charging  and  Ad  resonant  charging. 

General  areas  to  be  observed  are  the  impact  on  the 
prime  power  equipment  of  the  charging  scheme  used  and  the 
per f  o nuance  o f  t  he  cha rg i ng  met  hod  with  this  pa r t  i  cu  1  a  r 


k  i  nd  oi  g  ”  ! .  ie  p  o  w  e  r  s  o  u  r  c  o  .  A 1 1  c  n  t  ion  i  s  g :  v  c  u  \  o  g  r  ;  ■„ 
methods,  e  1  oo  t  1*0  -  iiMp.no  t  ie  phenomena  ,  p  ysical  i.pout  oi 
component  s  ,  and  cont  ro  I  requ  i  r orient  s  . 

S_c  ope 

A  laboratory  set  up  was  assembled  u-iap  a  ’.  !■  Ida 
s  t  a  n  d  a  r  d  4  0  <  •  1 1 1  g  e  n  e  r  a  t  o  r  t  o  t  r  y  o  u  t  e  a  c  : .  t  : .  ■  .  !  .  4 ;  .  i ; . 

methods.  These  set  ups  included  ;ip[a*i‘pr  j  u  t  e  t  . 
system  was  inst  rnnentod  so  actual  pc  r  formnne  r  ss;  ! 
p  a  r  e  d  w  i  t  h  present  t  h  e  o  r  y  . 

A  m  a  t  horn  a  t  i  c  a  1  a  n  a  1  y  s  i  s  w  a  s  done  f  o  r  t  h  c  :  * 1 '  re » *■ . ;  a 
c  h  a  r  g  i  n  g  method  and  the  resulting  equations  sore  >ts-  d  i 
two  computer  program.  These  computer  programs  provide.! 
the  theoretical  solutions  to  which  observes  per formnnee 
wa  s  comp a  red . 

The  At!  resonant  charging  theory  is  discussed  and  * 
experimental  set  up  described.  No  data  was  collected  ; 
At!  resonant  charging  since  problems  with  t  Ik  trigger  in 
1  ' )  g  i  c  w  e  re  n  o  t  s  o  i  v  e  d  in  t  i  m  e  f  or  this  r  e  po  r 4:  .  d  e  v  e  r  a  1 
(.denervation.-,  on  \(!  resonant  chare  inu  are  included. 


I  1  •  IK!  Resonant  Charg  ing 
Theory 

Ij it  roJuct ion 

lhc  theory  of  IK'  resonant  c  h  a  r  g  i  ng  circuit"  has  1  one. 
been  developed  and  circuits  of  this  kind  used  for  many  years. 

The  problem  studied  here  was  the  effect  of  IMf  resonant 
charging  on  the  prime  power  equipment  of  a  possible  power 
supply  for  directed  energy  weapons.  The  prime  power  source 
was  a  three  phase  system  composed  of  a  generator,  a  trans¬ 
former,  and  a  full  wave  bridge  rectifier. 

When  a  generator  has  a  rectified  load  its  voltage 
waveform  is  deformed  by  the  commutation  of  the  current  on 
t  h  e  r e  c  t i f i e  r  s .  In  this  c  a sc  the  1 o  a d  i  s  a  1 s  o  r a r y i n  g  a  s 
a  series  o  f  ha  if  sine  s  a  nd  to  ma  ke  ma  1 1  c  r  s  wo  r  s  e  t  lie  d  i  s  - 
charge  pulsing  is  reflected  back  on  the  generator  waveform. 

This  irregular  current  waveform  causes  additional  heat 
losses  in  the  generator  windings  and  throughout  the  prime 
power  system.  The  generator  also  vibrates  at  the  pulsing 
frequency,  this  is  so  because  the  torque  is  proport  iona 1 
to  the  load  current. 

The  output  voltage  from  the  prime  power  system  was 
observed  to  drop  proportional  to  the  load  current,  or  sag, 
during  each  charging  cycle.  A  mathematical  approx i ma t i on  i 

of  this  characteristic  was  done  and  a  complete  analysis  of 
its  effect  on  the  pulser  performance  was  made. 

i 


In  Figure  .1  I.  is  the  charging  i  ::d  w  t  unco  , 


the 


total  network  capacitance  aiui  k  is  the  r  of  the  charging 
inductor  resistance  and  the  equivalent  load  rc<:<tunce. 

'Hie  input  voltage  V(t)  was  rep  resen  t  ed  for  tin.^  analy¬ 
sis  as  in  liquation  1. 

v(t)  ■  Ebb  11  ■  K\'"’  (1, 


where  li^  is  the  peak  input  voltage,  k  is  a  constant,  and 
i  (t)  is  the  charging  current  as  a  function  of  time. 

A  mathematical  analysis  for  the  circuit  of  figure  1 
with  an  input  voltage  as  given  by  I'quation  1  is  included  in 
Append  l  x  A.  This  analysis  resulted  in  i  he  following  equations 
for  the  charging  current  and  the  capacitor  voltage  respec- 
t  i  v  e  1  y  . 
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where , 


V  initial  capacitor  voltage 

I  initial  inductor  current 

,  r*k  ■  I,., 


*TT  b ”  )  “  =  circuit  resonance  frequency 


The  pulser  resonance  repetition  frequency  is  two  times 
the  circuit  resonance  frequency  given  above.  from  now  on, 
every  time  resonance  frequency  is  mentioned  it  is  referring 
to  the  pulser  frequency. 

liquations  ( A  -  5 )  and  lA-6),  and  other  equations  derived 
in  Appendix  A  were  used  to  develop  two  interactive  fortran 
programs  to  calculate  the  theoretical  results. 

Com p u t  e r  Prog  r a m s 

Two  computer  programs  were  developed  as  an  aid  in  pro¬ 
ducing  theoretical  results.  These  were  also  used  to  test 
the  effects  of  changes  in  the  system  parameters.  Appendix 
B  contains  a  copy  of  each  program  and  a  brief  description 
of  how  they  work. 

The  first  program  calculated  the  peak  voltage  in  the 
capacitor,  peak  charging  current,  resonance  frequency,  ami 
average  power  for  increasing  values  of  input  voltage  sag. 
This  was  calculated  for  a  given  circuit  and  voltage  level. 
This  d a t a  wa s  used  as  i npu t  to  a  p 1 o 1 1  i  n g  r ou t  i r e  a n J  p 1 o t  s 
of  the  mentioned  parameters  versus  the  sag  on  the  input 
voltage  were  obtained.  An  example  of  those  plots  is  shown 
in  figure  2. 

for  example,  the  sag  constant  on  the  horizontal  axis  o 
figure  2  is  0.2  for  20«  sagging  on  the  input  voltage,  P.4S 
for  4  5*,  and  so  on. 

These  plots  were  useful  to  indicate  the  difference  in 
performance  for  different  magnitudes  of  voltage  sagging. 


SA9  CONSTANT 


Figure  2  Plot  of  Average  Input  Power  vs.  Sag  Constant 

The  second  computer  program  used  liquations  (A- 5)  and 
(A-6)  to  generate  a  set  of  values  for  charging  current  and 
capacitor  voltage  versus  time.  The  same  plotting  routine 
was  then  used  to  obtain  the  theoretical  plots;  these  plots 
were  used  to  compare  to  actual  waveforms.  Figure  5  on  next 
page  shows  a  plot  obtained  with  this  second  program.  The 
waveform  shown  in  for  the  ideal  case  where  the  input  voltage 
is  a  constant  DC  voltage. 


Figure  3  Plot  of  Capactior  Voltage  vs.  for  '»•  Sag 

1  ffect  of  Voltage  Sags  in 8 

For  a  constant  input  voltage  the  pu!  scr  v.oufi  pertorn 
as  predicted  by  Cilasoe  and  Lcbacqc  (Ref  !,  (’hap  \' )  .  i  h  i 
case  is  shown  in  Figure  3  above.  When  the  input  voltage 
sags  it  is  intuitive  to  sa>  that  the  capacitor  will  charge 
to  a  lower  voltage  and  that  it  will  take  a  longer  tine  to 
do  so  compared  to  the  ideal  case.  In  fact  that  is  what 
happens  in  reality  and  the  mathematical  analysis  reflects 
just  that. 

Figure  l  through  7  show  how  the  maximum  voltage  in  the 
capacitor,  the  resonance  frequency,  average  power,  and  pea V 
charging  current  will  decrease  as  the  magnitude  oi  the  sag 
increases.  These  plots  arc  for  a  circuit  with  le  :!, 

(>1.  SHuf,  R=17.f>-.  .1  ;^=IOKV,  and  VQ=  -  U .  I  V  (T  ).  Result: 
from  Figures  I  through  7  for  the  ideal  case  and  IS‘.  sag  an 


summarised  in  Fable  1  on  page  13. 
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1  lb. 
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109. 
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21.90  KY  7  2.2  KJv 


13.75  KY 


30.0  KU 


11.4  A 

6  .  9  A 


l:rom  this  example  and  the  theoretical  graphs  it  can  be 
seen  that  the  biggest  impact  ol  the  voltage  sag  is  on  the 
a v o r a g e  po  we r  of  t h e  s y s t e in . 

The  energy  stored  in  the  capacitor  network  per  cycle  i 
given  by  liquation  2. 

Es  -J  >'  ■  V1 

liquation  5  below  gives  the  energy  input  from  the  power 
supply  per  cycle. 

liT  =  V  l  T  (>) 

I  av  av  r 

Where  V,  and  1  are  the  average  input  voltage  and 
a  v  a  v 

current  respectively  and  1  is  the  repetition  period. 

The  average  of  t he  input  voltage  given  by  liquation  1  i 

V  =  I  ,  ,  (  1  -  K  1  )  (-1  ) 

av  bb  av 

and  the  average  input  current  is  (Ret  l  :.■>(■> 21. 

t,v  -  n- c'V  -  'o'  151 

where  f  is  the  repetition  frequency  nr  i  = 


g  i  ven  hy  the 


the  efficiency  of  IK*  chaining  is 
the  energy  stored  in  the  network  in  one  cycle  to 
energy  from  the  power  supply  during  that  cycle. 

Dividing  filiation  2  1 ' liquation  S,  sub-tit 
expression  of  1  given  ly  fquation  5,  and  sisipl 
get  t  h  o  foil o win g  e  x p r e  s  s i o n  f o  r  t  h e  e  f  f i c i one y . 


a  v 


ratio  '  >  f 

the  i  npiit 
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ifyins  wo 


i  o  i 


Using  equations  \  through  n  the  efficiency  for  the 

ideal  case  of  Table  1  is  .  and  for  the  other  case  it  is 

SS.  r  .  i he  re  fore  the  efficiency  is  reduced,  which  is  anoth 

unde  s  i  rah  |  v-  effect  of  tin*  voltage  sag. 

i  igu  res  S  through  12  show  the  current  and  voltage 

i  .  r  •'  i*  ■  -  fur  tile  same  circuit  parameters.  liiese  are 

plotted  I  a1  sag  constant  equivalent  to  1  ,  1(\  IS,  SO,  and  l 

percent  massing  r*.  s  pec  t  i  v  o  1  y  .  Tlie  first  cycle  on  each  plot 

is  if)  i  -r-ro  initial  voltage  and  the  second  cycle  is  for 

an  initial  volt  a ge  V  - D .  1  V  ( T  )  . 

o  c  r 

from  tiie  plots  on  t  lie  following  pages  we  note  that  the 

shape  o  f  the  charging  current  changes  and  the  peak  to  uer 

age  current  increases  for  a  larger  sag  on  the  input  voltage 
This  increases  the  heat  losses  throughout  the  circuit  .  \  t 
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Kxpe  r  imcn  t  a  1  liquipmen  t  a iul  1  ns  t  run i c 1 1 1  a t  ion 

Figure  15  below  is  a  block  diagram  of  the  expo r  i  men t a  1 
S  V  S  t cm . 


Figure  15  Block  Diagram  of  DC  Resonant  Charging  System 

The  prime  mover  was  a  ISO  horsepower  Cenerni  Flectrie 
DC  dynamometer.  The  generator  was  a  POD  standarl  1  o K * 

400HZ  generator.  A  DC  power  supply  was  used  for  the  gener¬ 
ator  exciter  instead  of  a  voltage  regulator.  The  transformer 
had  a  voltage  step-up  ratio  of  11:1.  The  liquid  cooled  fill  I  - 
wave  bridge  rectifier  assembly  had  a  nominal  current  capacity 
of  5  amperes  per  leg  and  a  peak  reverse  voltage  ot  (>4KY.  The 
charging  inductor,  capacitor  network,  tube  switches,  and  the 
load  were  connected  in  the  circuit  shown  in  Figure  14. 
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1  igure  14  lKl  Resonant  Circuit 

bach  of  the  six  stages  shown  had  a  0.45;.  f  capacitor 
and  an  11  ohm  load  resistor.  The  charging  inductor  was  d . S 5 
Henrvs.  Tne  tube  switches  were  kb  <i  (I  hydrogen  thyratrons 
model  HY-1A  with  a  peak  forward  voltage  of  d 0 KV  and  a  peak 
current  of  0 . SKA . 

The  schematic  diagram  of  figure  15  shows  the  tost  cir¬ 
cuit  with  the  test  points  marked  a  thru  e. 

The  0.0075uf  capacitor  was  connected  at  the  output  of 
the  full -wave  bridge  rectifier  to  protect  the  diodes  from 
damage  by  a  voltage  spike. 

Two  high  voltage  contactors  were  used  in  the  operation 
of  the  pulser.  The  line  contactor  Kd  controlled  the  pulsing, 
by  opening  or  closing  the  PC  bus  into  the  pulser.  The  * ttfrif * 
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with 

the  thyratrons  was 

used  to 

set  t  he  volt  a 

ge  in  the  capuc  i 

t  o  r  s 

to  an  initial  no cat ive  value. 

Metal  oxide  varistors  (MOV)  wore  used  t ■  >  Mipress  any 
h  i  vch  -  vo  1  t  a;ce  ,  h  i  ch  -  f  requeue  v  transient"  to  vital  componon  t  s 
of  the  system. 

The  t  r  i  r  i  nr,  circuit  for  the  tubes  consists  of  a 
funct  ion  generator  whose  output  is  connect  cal  to  the  t  !ivi  ;it  ron 
driver.  The  frequency  of  pulsing  is  set  by  the  function 
generator.  The  output  of  the  driver  is  connected  thrrueh  a 


matching  t rans former  to  a  bin 


resistor  and  in  MO\'  connevted 


of  the  trans  formei* 


sec  oik;  a  r  v 


in  parallel.  One  output  terminal 
is  grounded  to  the  chassis  and  from  the  other  terminal 
c  a b  1  e  connects  t  o  a  5 0  UK  resist  c  r  o n  the  p r  i  d  o  i*  e a c  i i  t 
This  arranpmont  proved  to  he  susceptible  to  noise  uik 
to  false  tripperinp  of  the  thyra irons. 

lhe  heater  circuit  for  the  hot -cathode  thyratrous 
composed  of  a  transformer  and  filament  choke  as  shown 
sc  hema tic. 

A  b  i  p  current  transformer  was  used  to  monitor  the 
current  and  a  0.1  resistor  on  the  low  voitape  return  \ 
an  ammeter  has  provided  for  average  charpinp  current 

Hot  a  the'  load  return  and  the  chassis  where  b  roup,  hi 
pet  her  to  one  point  and  p rounded  to  the  huildinp  proum 

Mo  d_i  fj  c  a  t  i  o  ns  Ma  d  e  t  o _ th  e  1'u  1  <e  r 

fleet r  o - m  a  p  n e  t  i  c  c o  u  pi i n p ,  o  r  t  ran  s  i  e  nt  s  c •  ■  n d u c t  e , 
t  iwu  the  olctrical  connect  i  oris,  were  causing  t  no  tune** 
p  re  fire  when  the  line  contactor  KJ  was  v  lo-ed.  \  h;p! 
vo  1  tape*,  hiph  frequency  volt  ape  <pike  wa  •  obserced  in  t 
pvid  o f  the  f a  1 se - t r  i  ppe red  tube. 

1  o  pro  v e n  t  t  h  i  s  some  s  l  p n a  l  line-  were  re  r •  •  e 1 1  d  - 
f  r f  ui’  hiph  vulture  1  ines  and  dupl  icute  r round  hen  M  v 
nected  t-'  eliminate  any  possible  r  round  i*'op  .  i  i  ■  ik 
the  p  rolj  lev  hut  did  not  eliminate  it.  I  i  im  1  1  >  m\  Mo\  ^ 
connected,  on**  to  eacli  tube  Irma  arid  to  v  it;.«‘le  . vd 
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yiven.  I  he  dump  contactor  kl  opened,  t  ho  1  i  nt  contactor 
kd  closed,  and  the  pul  se  r  operated.  \t  t  in'-  c  mound  "-to 
kd  opened  and  then  kl  clem*.1  t  ^  J  i  s'riro-  t  ho  e:u  r.;v  let 
in  t  h  e  network.  Pul  sine,  f  remit  nc>  was  ulju-ted  with  t  he 
f  unct  i  on  p e n e rat o r . 

( i  e  n  e  r  a  1  .  \j>£  ro  ac  1 ) 

The  pulspr  was  opt' rated  to  >!  U\  !  hit  a  .  n  t  ho  :  we 

readings  and  pitot  or,  ra  p!i  s  o:  o -c  i  !  h  -  ov-  ti 

Uhen  a  d  i  sa  r  rectnen  t  between  tie.  )  t  ual  o\"cs*  it  on 

measured  performance  wa  f*\;:id.  ei  n.\  o  t  is  it  iu;  into  t  h 

cause  was  made.  In  t  acii  cme  eituo!  du'.ia  in  *•  aifmict  ie 
were  corrected  or  add  i  t  i  on  -  w  s -  i  :  •  c  t  . » »n  .  t  »  t  ht  t  1  r 
were  made. 
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The  second  part  of  the  report  presents  the  t he 
AC  resonant  charging.  The  experimental  set  up  is  d 
and  observat  ions  of  the  operation  of  this  system  ar 
cussed.  No  data  was  collected  on  t lie  AC  resonant  ~ 
since  problems  with  the  triggering  circuit  were  net 
in  t  line  for  this  report. 
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l\  e  suit  - 

I  »’  1  !!l  s  ‘  i  O  U  t‘  i  >  «'  '  T  (.S': 

t  i  e_n  o  r  a  t  o  r 

!  igure  IS  and  Id  arc  photographs  ot  the  iHSK-tator 
voltage  and  current,  and  t he  transformer  secondary  voltage 
and  current  (see  Figure  15). 

The  ripple  caused  by  the  coraaut  at  ion  of  1 5 1  e  current 


on  the  rectifiers  is  seen 
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Vibration  and  Heating 

The  generator  vibrated  at  the  pulsing  frequency. 

The  torque  pulsations  were  caused  lv  the  load  current 
pulsing.  Also  because  of  the  irregular  generator  voltage 
and  current  waveforms  the  generator  heated  faster  ince 
this  c  a u s ed  i nc  r e a s ed  losses  on  the  u  i  n d  i  n g  s  . 

V  o  1 1  a  g  e  Regu  1  a  tot' 

Figure  2 n  shows  scopo  traces  <'1  the  input  \-Ata  g. 

(top  trace)  and  the  capacitoi  g  f  \'ltag  ■  trace 

The  osc  i  1  1  a  t  i  ons  en  F-n  h  ■  ;  4  ■  •  i  i  \  c  *  \  t  iie 

voltage  regulator.  \s  n  . w  et  !  v  .  :  t  t  .as  ;  1  lat  nsg 
damp  to  a  smaller  marni*:.!  '•  it  . *  n  :■  ’  :  .  d-e  ;?  ♦lie 


Figure  2  0  Scope  Traces  for  tlie  Pulser 

(  Ie>t  Points  t  a  no  '2  respect  i  re  1  y  on  Figure  15) 


ope i  at  i  on  o  1  the  pulse)'*  1 1  ie  i' e a  s o n  tor  this  uia  1  i  u n c  t  i  o n 

was  not  investigated  and  a  DC  power  supply  was  connected  in 
place  ol  the  voltage  regulator  tor  the  exper  intents . 

Sag  on  Output  Voltage 

figure  2 1  is  a  scope  trace  lor  the  output  v  o  1 1  a  g  e 
(top  trace)  and  the  inverted  charging  current  (hot  tor;* 
trace).  The  output  voltage  sag  follows  the  shape  of  the 
current  very  closely. 

The  frequency  of  the  ripple  on  the  output  voltage  is 
2400115.  Because  of  the  big  charging  inductance  the  voltage 
will  he  equivalent  to  a  in:  voltage  with  a  sinusoidal  sag 
following  the  current  waveshape.  I  h  i  s  criteria  was  used 
tor  the  theoretical  a  n  a  l  v  s  i  s  . 


few  pulses  and  then  both  volt  a 
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level.  This  is  boeawse  the  generate-  h 
aad  when  the  generator  is  loaded  the  av 
tails  to  a  lower  value.  Another  ohserv 
pho t og r aphs  is  that  the  magnitude  of  ti 
bus  voltage  is  smaller  for  -100  HZ  than 
f  requeue i es . 
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The  resonance  frequency  uas  IO0.0HI  and  V  ^  (>.  nS3  for 
this  system.  The  computer  calculated  value  of  \'  .  i  'i  »  was 
14.8KV.  figure  2b  shows  the  DC  bus  voltage  and  capacitor 
voltage  for  this  case.  The  actual  value  of  the  capacitor 
voltage  was  15.0KV  which  is  very  close  to  the  calculated 
value  the  theoretical  peak  charging  current  was  " . 2  \MP 
and  the  average  power  was  35.0KK. 

Re  so  nance  frequency 

The  resonance  frequency  did  not  change  with  ;^c.r  3**\ i 
A  universal  bridge  was  used  to  measure  each  of  the  -  i  \  .  i, 
citors  and  the  total  capacitance  was  2.58  ^f.  Tin  iaductan 
was  measured  by  applying  a  high  voltage  at  -inn  HZ  and 
measuring  voltage  and  current  to  ontain  impedance.  i'ho 
inductance  obtained  by  this  method  was  2.S5  henrys  and  t!o. 
resistance  of  the  inductor  was  0.5  ohms.  Ihcso  value*-  lor 
t he  circuit  components  yield  a  resonance  frequency  of  il  .  l 
HZ  for  no  sag.  This  is  very  close  to  117  HZ  measured  at 
i  R  UH'OM. 

i  a  h  [  i*  2  he  low  summarizes  the  actual  and  ealeu!  ?tcd 
v.iRir-  \"r  two  cases,  third  case  is  for  no  sag  o  f  tint  input 
\  >  I  t  .  i  •  and  is  included  for  contrast. 

I  iimret  i  ca  I  values  were  obtained  with  the  first  v.  rip  it 


p  i  o  g  i  r 


Another  case  is  presented  in  Appendix 
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1  he  equat  lv-n  lur  V  resonant  ^  ha  t a'  i  a  c  i  r a. 
roi'oroiK'o  i  chapter  .  4  a.  these  equat  ion-  a  :  •  ;:  f  ;a  * 
seated  here  <incr  they  would  not  contribute  t«>  t'.i'  •  .  ■ 

of  this  d  i  sc  ns  < i on . 

Half  c  vc  K’  AC  resonant  charyiny  i\;o  a1-*;.:  n  *  ;.• 

Iho  circuit  resonance  frequence  has  to  be  equ  «  t  T 
alternator  frequency,  or 

w  w 

a 

The  condition  for  resonance  i ^  (Ret  1:383) 

1  la.K-  -  0 

The  volt  aye  stepup  ratio  at  the  time  of  discharge'  is 
for  half  c\rcle  charyiny  (Kef  1:388  1 
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TQ 


V 

sin  J  +  p  ( 1 
% 


Where  h^  is  the  peak  AC  input  volt  aye,  t*  is  the  phase  of  the 
input  voltaye,  V  is  the  initial  capacitor  voltaye,  and 
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liquation  ( T )  is  true  for  tt/2Q<<1. 
liquation  (h)  becomes 
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f qua t  ion  til)  and  other  solutions  in  :  rtc  rena*  1  indicat 

t  hat  lor  iv.  a  \  i  mur:  e  t’  f  i  c  i  one  y  ;  has  t  c  be  c  1  use*  t  n  r  /  2  .  All  t  !  i 

moans  is  that  c  ha  r  g  i  ng  should  start  at  or  noar  the  ho  g  i  nil  i  n  *' 

o  t'  a  half  cycle  of  the  input  voltage. 

ihe  difference  between  t  he  resonance  froqiioncy  of  the 
individual  circuits  and  the  alternator  frequency  van  he  up 
to  1  O']  without  significant  effect  on  the  pulse)*  operation 
[  ite  f  a  i  .  This  is  a  great  advantage  given  that  a  h«gh  power* 

Ac  resonant  system  requires  main  resonant  circuits  that  need 
to  be  tuned  at  t  lie  alternator  frequency. 

hxpe  r  i  men  t  a  1  Lqu  i  pmont  and  I  n s  t  rira-nt  a  t  i  on 

figure  is  a  block  diagram  of  t  Is  o  «•  \pe  r  i  men  t  a  1  :a'st  e;i:. 
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figure  f"  hi  nek  Piagram  of  V’  Kesnnant  ('barging,  System 


The  Jynaniomet  er ,  generator,  and  DC  power  supply  we  re  t  F 
same  used  for  DC  resonant  charging.  Three  transformers 
with  a  voltage  step-up  ratio  of  18.5:1  were  connected  in 
Y-Y  con Y  i  gu ra t  i  on .  Ihese  three  high  leakage  t ran s f o rme r 
provided  the  total  charging  inductance.  The  AC  resonant 
charging  circuit  is  shown  in  Figure  28. 


Figure  2S  AC  Resonant  Circuit 
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be  f  o  r  o  e n  t  o  r  i  n  g  the  1  o g  i  o  t  r  i  g  g  o  r  i  n g  box.  Inside  the  1  o  g  i  c 
box  a  :oro  crossing  detector  circuit  and  a  timing  circuit 
tor  each  phase  generated  the  t  r  i  iaa:  r  i  no  signals.  'I  i  ic  delay 
of  the  trigger  pulse  was  set  In  a«.l  j  us  t  i  no,  th.e  timers. 

t\  h  e  ii  the  magnitude  oi  t  hie  input  v»d  t  :ii;e  went  above  that 
shown  in  figure  30  the  triggering  circuit  generated  u  ]  t  iple 
tripper  signals  per  hall  cycle  discharging  t  lie  capacitoi  ; 
before  they  reached  maxi  mm  voltage.  This  was  a.  malfunct  ion 
caused  by  the  electronic  topic  circuit,  this  p  rob  Ion  was  not 
solved  in  time  for  this  study. 

Since  the  logic  box  worked  only  for  very  low  voltage, 
and  therefore  low  power,  no  data  was  collected  on  the  system 
performance.  (leneral  observations  of  this  system  are  pre¬ 
sented  in  the  next  chapter. 


I  V  Conclusions  and  Recommendat ions 


IK!  resonant  charging  is  better  known  by  people  in  the 
field  of  pulse  power  and  is  used  more  commonly  than  Ac 
resonant  charging.  The  problems  presented  by  DC  resonant 
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If  this  is  done,  be  resonant  charging  will  he  a  sit  ;  ■  :  n 
method  tor  this  kind  of  power  supplies,  except  pos-,  i1  -jv 
a  1  r  ho  me  \ ) o w e  r  units. 

'dore  research  on  AC  resonant  Lhuryiny  is  needeu,  l 
ially  on  t  r  i  y  y  e r  l  ny  schemes.  AC  resonant  charging  is  w 
no  doubt  a  better  interfacing  method  from  the  prime  pow 
s y s  t em  po i n t  o f  v i ew . 

Uec ommended  Additional  Work 

AC  Re  sonant  Cha  r  y  iny 

I  n  v  e  •  t  i  y  ate  t  h  e  c  a  u  s  e  o  f  i  u  s  t  a  h  i  1  it  y  o  f  the  v  o  1  t  a  y 
rci’uiator  and  consider*  the  approach  of  feedforward  vuit 
c ont  ro l . 

del  i  lie  what  system  parameters,  and:  how  UiC'.  ;>*,  .e 
mine  the  mayuitule  ol  tire  bC  voltaye  say,.  Suyye-st  cuan 
in  the  set  en  l  o  u  i  n  1  nr  i  ::e  t  h  i  -  say  . 

i  nM  all  Mi.k'CH.OM  controls  a:ui  ope  mate  tin.  -.'.stem, 
necessary  ehany .  t  ■ improve  t  h  l  system. 

\C  Re  s  on  a  n  t  ’  !ia  r  y  i  n  y 

C - 1  r ‘rest  t  i  i  y  . » ■  :m  n  » ;  . '  )  r  c  i i  )  t  •  »  1  I  i  i  n  :  mm:  ‘ '  t  a . i  v  t  b 

■mlect  o  i  \(  r*>'Urant  charm;  iny,  -or  the  yenera*'  r  .  la!  v 


il  -e  r  re  r  i  >  r  m  m  c  e  and  oKm'.i  n  to  t  ir’-r'v  . 
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The  constant  K  is  defined  l)V  I  ,q  li  :i  t  j  * '  t  \  :  :  rli 


K  - 


^P 


where  I  is  the  peak  value  of  t he  charring  cm  rent.  At  t 
cp  1  "  ‘ 


i  .  I  * 


and  i .qua  t  i  on  [  1  )  i  s  t  lien 


V  i  t  )  -  1  .  ,  (  1 -K 

bn 


therefore  k(.  is  the  sagging  constant  ami  has  values  i  ror.i 
zero  to  one.  For  example,  it  K.  =  P .  1  the  input  volt  age 
V  l  t  )  has  a  sagging  of  ID1.,  if  K  -  A .  5  the  sag;  ns;  is  s 
and  so  on. 

Ch 

Subs  t  i  t  u  t  i  iiu  tor  i  It)  ;uul  comhiiiinr,  lqu.it  iuis  i. 

C 

and  (1)  we  obtain,  after  rearranging  trims. 
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then  hquation  (A-  a')  becomes 
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1. qua  t  i  on  i  \  1)  is  -inilar  to  t  ii:it  obtain*  d  bv  'ibio'r  and 

i  *,  ba  c  q  Mo  ■  t  i  :  A  5  n  >  hi)  )  the  on  1  v  Jit  in  vTua1  •  ;  i  n  1  h  * 
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and 


V  [t]  =  lb.  -  (I-,.  -V  )  c  '^[cos  wt  +  ~  sin  wt  ) 

c  bn  hb  o  w 

+  —  e  ^  sin  wt  (A-b) 
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where 

V  -  Initial  c  a  pa c  i  t  o  r  v  o  1 1  a  g  e 

o  1 

I  -  Initial  inductor  current 
o 


W 

IV  b“  -  resonance  frequency 
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Compute r  Prog  rams 

Figure  B-i  shows  the  first  of  the  two  computer  programs 
developed  to  obtain  theoretical  solutions.  '[his  program 
calculated  the  resonance  frequency,  peak  capacitor  volt  aye, 
peak  charging  current,  average  current,  average  volt  .as  e,  and 
average  power  for  increasing  values  of  input  voltage  sag. 

The  program  required  as  input  the  value  of  the  ciicuit 
components,  the  peak  input  voltage  T^,  and  p  f  =  -Y^/V  ,  :  V  '  )  . 

The  output  was  the  data  displayed  in  figure  l  through 
i n  Chap t or  II. 

figure  B -2  shows  the  second  fortran  program.  This 
prog i' am  calculated  the  ratio  of  charging  current  to  average 
charging  current  and  capacitor  voltage  to  peak  input  voltage 
versus  t  Line . 

The  program  required  as  input  the  value  of  the  circuit 
componen t  s ,  peak  i nput  voltage,  F (  =  - /V  { T ^ ) ) ,  const  ant 
Ki.Ks/l  ),  and  repetition  frequency. 

The  constant  K  was  found  by  running  the  other  program 
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program  (see  arrow)  is  changed  to  =  ~  PF^  V .  t  iu  program 
can  be  run  for  repit  ion  frequencies  higher  than  resonance. 


CL  L*J 


igure  B-2b  Fortran  Program  for  Charging  Current  and 
Capacitor  Voltage  Waveforms  (Sheet  2  of 


B'  60 


This  program  runs  for  more  than  one  cycle  hy 
t  he  final  value  of  the  current  as  the  initial  val 
the  next  cycle  and  resetting  the  voltage  in  the  c 
to  a  negative  value  proportional  to  the  voltage  a 
t  i me  of  d  i scha rge . 

The  output  of  this  program  was  the  data  disp 
figure  8  through  \2  in  Chapter  JI. 
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